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Description

Field of the Invention

[0001] The present invention relates to an aircraft, es-
pecially but not exclusively, an aircraft having a control
arrangement for providing at least one of aircraft roll, pitch
and / or yaw control, gust alleviation and vibrational
damping.

Background to the Invention

[0002] Conventional aircraft are known which com-
prise a plurality of propellers mounted on wings, which
are in turn attached to a fuselage. Control of the aircraft
is provided by control surfaces such as ailerons, eleva-
tors, and rudders, which can be differentially deflected
to effect roll, pitch and yaw respectively, or with a com-
bination of all three. High lift devices such as flaps and
slats may also be provided, which can be selectively de-
ployed to increase the lift produced by the wing at the
expense of increased drag.
[0003] One of the defining features of a wing is the
"aspect ratio" which can be defined as the ratio of the
square of the span of the wing to its area. In general, a
high aspect ratio wing will produce less lift induced drag
for a given amount of lift and so, a higher aspect ratio
wing will have a greater aerodynamic efficiency com-
pared to a low aspect ratio wing, and so will contribute
to a lower fuel burn.
[0004] In practice however, very high aspect ratio
wings (greater than around 10 to 15) are difficult to
achieve in view of structural considerations. As a result
of their relatively long length and narrow chord, high as-
pect ratio wings generally have a lower stiffness (both in
terms of torsion about the span of the wing and bending
movements along the span of the wing) compared to low
aspect ratio wings for given construction methods and
materials. Consequently, in order to obtain a high aspect
ratio wing, either expensive construction methods and
materials must be used, or an increased structural weight
must be incurred, thereby reducing the fuel burn benefits
of the high aspect ratio wing in view of the greater amount
of lift (and therefore drag) that must be produced by the
wing to accommodate the increased weight.
[0005] High aspect ratio wings also suffer from wind
gusts in flight, due to their large increase in lift with in-
creasing angle of attack (α). This may preclude high as-
pect ratio wings on civil aircraft in view of passenger com-
fort and / or airframe fatigue considerations, particularly
if these aircraft operate at low altitudes for a significant
length of time.
[0006] In a separate problem, moveable control sur-
faces such as flaps, ailerons, elevators and rudders are
generally aerodynamically inefficient in view of the addi-
tional drag created by the control surface when deflected,
and add weight to the aircraft. In general, ailerons also
affect the lift distribution on the wing, taking the distribu-

tion away from the ideal elliptical distribution, and so in-
creasing lift induced drag. Similarly, flaps and slats are
relatively aerodynamically inefficient particularly in view
of the strong tip vortices shed by such devices, and the
effect they have on lift distribution. They are also heavy
and complex, particularly in view of the requirement for
hydraulic or electric actuators for deploying them.
[0007] In a further separate problem, it may be desir-
able for an aircraft to take off and land in a short distance
(i.e. Short Takeoff and Landing, STOVL), or even verti-
cally (i.e. Vertical Take Off and Landing, VTOL). One
proposal is to mount the wings to the aircraft on a pivot.
When a VTOL takeoff or landing is performed, the wings
are pivoted to an upward position, with both the wings
and propellers facing upwards. The wings are pivoted to
a horizontal position for forward flight. One known exam-
ple is the GL-10 Greased Lightning, described in "NASA
Langley Distributed Propulsion VTOL TiltWing Aircraft
Testing, Modeling, Simulation, Control, and Flight Test
Development" by Rothhaar et al, published in 14th AIAA
Aviation Technology, Integration and Operations Confer-
ence. However, previous proposed aircraft have included
relatively heavy, complex mechanisms for tilting the wing.
It is therefore desirable to provide a lightweight, reliable
mechanism for converting a tiltwing aircraft between ver-
tical and horizontal flight configurations.
[0008] US 2011/315806 discloses an unmanned air
module including one or more rotors, engines, a trans-
mission and avionics. Any of several different ground
modules may be attached to the air module. The air mod-
ule may fly with and without the ground module attached.
The ground module may be a vehicle ground module and
may be manned. The vehicle ground module may trans-
port the attached air module across the ground. The air
module may have two rotors, which may be ducted fans,
and three different configurations: a tandem rotor config-
uration, a side-by-side configuration, and a tilted-rotor
configuration.
[0009] US2008001028 discloses a span-loaded, high-
ly flexible flying wing, having horizontal control surfaces
mounted aft of the wing on extended beams to form local
pitch-control devices. Each of five spanwise wing seg-
ments of the wing has one or more motors and photo-
voltaic arrays, and produces its own lift independent of
the other wing segments, to minimize inter-segment
loads. Wing dihedral is controlled by separately control-
ling the local pitch-control devices consisting of a control
surface on a boom, such that inboard and outboard wing
segment pitch changes relative to each other, and thus
relative inboard and outboard lift is varied
[0010] The present disclosure describes an aircraft
control arrangement and a method of controlling an air-
craft which seeks to overcome some or all of the above
problems. Summary of the Invention
[0011] According to the present invention, there is pro-
vided a method of controlling an aircraft, the aircraft com-
prising:
At least one propeller mounted to a port wing and at least
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one propeller mounted to a starboard wing, each propel-
ler being coupled to a propeller cyclic actuator configured
to cyclically alter the pitch of the propeller as the propeller
rotates; the aircraft being configured such that provision
of cyclic pitch to the propeller pivots the respective wing
about a span of the wing relative to the remainder of the
aircraft and an aircraft flight path vector, to thereby adjust
the angle of incidence of at least part of the wing, char-
acterised in that the method comprises:
altering the propeller cyclic pitch on the propeller mount-
ed to one of the port and starboard wing to a different
extent to that of the propeller mounted to the other of the
port and starboard wing to thereby effect a differential
twisting about a span of the wing to thereby adjust the
angle of incidence of the respective wing to thereby effect
a roll moment to the aircraft.
[0012] Accordingly, cyclic pitch control can be used to
adjust the angle of incidence of an aerofoil by pivoting
the aerofoil relative to the aircraft flight vector, i.e. altering
the angle of incidence of at least a portion of one of the
aircraft aerofoils. Consequently, the propeller cyclic pitch
actuator can be used to replace or augment one or more
of the high lift devices or the ailerons, rudder or elevators,
or to provide gust or flutter alleviation.
[0013] The wing may be rigidly mounted to the aircraft,
and the aircraft may be configured such that provision of
cyclic pitch twists the wing about the span of the wing.
[0014] The wing may comprise one or more of a yaw
control surface and a pitch control surface. Advanta-
geously, propeller cyclic control can be used to effect
aircraft control in any of roll, yaw and pitch. The aircraft
may comprise a conventional configuration having sep-
arate wings and a fuselage, or may comprise blended
wing body or flying wing configuration, in which there is
no clear dividing line between the wing and fuselage.
[0015] The aircraft may comprise a plurality of propel-
lers mounted to each wing.
[0016] Each propeller may comprise one or more pro-
peller blades. The respective propeller cyclic actuator
may comprise a motor configured to pivot the respective
propeller blade about a longitudinal axis of the respective
blade.
[0017] Alternatively, each propeller cyclic actuator may
comprise a swashplate arrangement.
[0018] The wing may comprise a high aspect ratio. The
aspect ratio may be greater than 10, may be greater than
15, may be less than 30, and in one embodiment may
be approximately 25. Advantageously, by providing a
high aspect ratio wing, the torsional rigidity of the wing
is reduced, thereby reducing the force needed to twist
the wing to adjust the angle of attack of the wing. Simul-
taneously, the propeller cyclic pitch arrangement can be
used to reduce vibrational movement such as flutter,
thereby reducing the fatigue that would otherwise be
present in such a high aspect ratio wing. Consequently,
the aircraft has a high aerodynamic efficiency in view of
the high aspect ratio wing, without the high structural
weight normally associated with high aspect ratio wings,

due to the action of the propeller cyclic pitch arrangement.
[0019] The propellers may be electrically driven, and
may be located upstream of the respective wing leading
edge. The propellers may be arranged such that their
axis of rotation intersects a spanwise twisting axis of the
aerofoil to which they are mounted. The aircraft may com-
prise one or more generator arrangements configured to
provide electrical power to one or more propeller motors.
The generator arrangement may comprise one or more
internal combustion engine located outboard of the cen-
tre of thrust of the propellers on the respective wing.
[0020] The aircraft may comprise one or more high lift
devices such as flaps or slats.
[0021] The aircraft may comprise a health monitoring
system to determine whether one or more cyclic actua-
tors are operable. The aircraft may comprise an aircraft
control system configured to decelerate the aircraft to a
speed below a critical flutter speed where one or more
cyclic actuators are to be inoperable.
[0022] Advantageously, the method can be used to
provide roll to the aircraft to control the aircraft, thereby
reducing use of the ailerons and so reducing aerodynam-
ic drag during roll manoeuvres, or permitting deletion or
reduction in size of the ailerons and so reducing weight
and complexity of the aircraft.
[0023] The aircraft may comprise at least one propeller
mounted to a yaw control surface, and the method may
comprise altering the propeller cyclic pitch to effect a yaw-
ing moment to the aircraft. The aircraft may comprise at
least one propeller mounted to a pitch control surface,
and the method may comprise altering the propeller cy-
clic pitch to effect a pitching moment to the aircraft.
[0024] Each wing may comprise a plurality of propel-
lers, and the method may comprise providing propeller
cyclic pitch on at least one of the propellers mounted to
the wing to a different extent to that of one of the other
propellers mounted to that wing to thereby effect a local
twisting of a portion of the wing to effect a local reduction
or increase of angle of incidence of that wing.
[0025] Alternatively or in addition, the method may
comprise providing cyclic pitch of all of the propellers in
unison to twist the port and starboard wings relative to
the aircraft flight vector to effect an increase in angle of
incidence of both wings. Advantageously, the cyclic pitch
can be used to increase the lift of the wings without in-
creasing the pitch of the aircraft as a whole, thereby re-
ducing the use of high lift devices such as flaps or slats,
or permitting deletion or reduction in size of the high lift
devices, thereby reducing weight and complexity of the
aircraft.
[0026] The method may comprise detecting or predict-
ing a vibration of the wing, and using cyclic propeller pitch
to effect local twisting of a portion of the wing to dampen
the detected vibration. Advantageously, the method can
be used to reduce wing vibration such as flutter. Conse-
quently, the wing can be made less torsionally rigid with-
out encountering excessive flutter, thereby enabling a
larger aspect ratio and / or lower structural mass. Advan-
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tageously, the consequent reduced torsional rigidity re-
duces the forces required to twist the wing, thereby en-
abling larger wing twisting movements for a given pro-
peller arrangement, thereby improving the authority of
propeller cyclic actuated differential (i.e. roll) or collective
(i.e. increased lift) movements.
[0027] The method may comprise detecting or predict-
ing a gust, and using cyclic propeller pitch to effect twist-
ing of at least a portion of the wing to reduce or increase
or reduce the angle of incidence of the respective portion
of the wing to accommodate the change in lift produced
by the gust.

Brief Description of the Drawings

[0028]

Figure 1 shows a perspective view of a first aircraft
in accordance with the present disclosure;

Figure 2 shows a cross sectional side view a first
cyclic pitch change arrangement in accordance with
the present disclosure; and

Figure 3 shows a perspective side view of part of an
alternative cyclic pitch change arrangement in ac-
cordance with the present disclosure;

Figures 4a and 4b are plan views of a second aircraft
not in accordance with the present disclosure in first
and second configurations respectively; and

Figures 5a and 5b are side views of the aircraft of
figures 4a and 4b in the first and second configura-
tions respectively.

Detailed Description

[0029] Figs. 1 to 4 show an aircraft 40. The aircraft 40
comprises a fuselage 42, a pair of wings 44 extending
therefrom generally normal to the fuselage 42, and an
empennage located at an aft end of the fuselage 42. The
empennage comprises yaw and pitch control surfaces in
the form of vertical and horizontal tailplanes 60, 66 re-
spectively. An aircraft flight vector 64 (i.e. a direction in
which the aircraft moves through the air) is defined, which
in level flight approximately corresponds to a fuselage
longitudinal axis.
[0030] A wingspan is defined by the distance between
wing tips 49. Each wing 44 comprises a leading edge 45
and a trailing edge 47, which together define a chord
extending therebetween. The ratio between the wing-
span and chord length defines an aspect ratio. As can
be seen from Fig. 2, the chord length varies along the
wing span, from a relatively large chord at the wing root
adjacent the fuselage 42, to a relatively small length at
the wing tips 49. In cases such as this where the chord
varies along the span, the aspect ratio AR can be defined

as the square of the wingspan b divided by the area S of
the wing planform: 

[0031] In the example shown in Fig. 1, the aspect ratio
is approximately 25, though higher aspect ratios such as
aspect ratios up to 30 or more may be achieved using
the disclosed arrangement. In other cases, lower aspect
ratios may be desirable, such as where the aircraft com-
prises a short takeoff and landing aircraft (STOL). Each
wing 44 preferably further comprises a deployable high
lift device in the form of flaps 52 located at the trailing
edge 47 of each wing 44. Optionally, the deployable high
lift device may include one or more slats (not shown)
located at the leading edge 45 of the wing. The flaps 52
are selectable between a stowed position (as shown in
Fig. 2) and a deployed position, in which the flaps 52
increase the lift coefficient of the wing 44 compared to
when the flaps 52 are in the stowed position. The deploy-
able high lift devices may be deployable to intermediate
positions between the deployed and stowed positions.
[0032] A plurality of propulsors in the form of propellers
46 is provided on each wing 44, which provide thrust to
drive the aircraft forward. The plurality of propellers 46
on each wing together define a centre of thrust 70, i.e. a
notional line extending rearwardly from the centre of the
airflow provided by the propellers 46 on that wing 44. In
the described embodiment, four propellers 46 are pro-
vided on each wing 44 giving a total of eight propellers
46, though more or fewer propellers may in some cases
be provided. The relatively large number of propellers
enables a relatively large propulsor disc area to be em-
ployed. Consequently, the propellers are highly efficient
and relatively quiet, without requiring excessive ground
clearance, which thereby reduces the length of the un-
dercarriage.
[0033] Each wing further 44 comprises a generator ar-
rangement comprising an internal combustion engine in
the form of a gas turbine engine 54and an electrical power
generator (not shown). In the described embodiment, a
single generator arrangement is provided on each wing
44, though further generator arrangements could be pro-
vided. The gas turbine engine 54 drives the electrical
power generator to provide electrical power. An electrical
energy storage device such as a capacitor, chemical bat-
tery or hydrogen fuel cell (not shown) might also be in-
cluded, which could be charged by the gas turbine en-
gine, and provide power to the propellers 46 for a short
period on engine failure or to improve performance for
short duration flight segments such as e.g. takeoff or
climb.
[0034] Figure 2 shows a cross sectional view along a
span of the wing 44 of the aircraft 40 of figure 1, showing
a propeller cyclic pitch arrangement 71 configured to cy-
clically alter the pitch of a respective propeller 46. A cyclic
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pitch arrangement 71 may be provided for one or more
propellers 46, and in this embodiment is provided for each
propeller 46. The propeller 46 comprises two propeller
rotor blades 72, 74 which rotate about a propeller axis
X, and are driven by a drive motor 48 via a hub 76. As
can be seen from figure 2, the propeller axis X substan-
tially intersects with a spanwise twisting axis of the wing,
located at point T. In figure 2, blade 72 is shown in the
lower position, and blade 74 is shown in the upper posi-
tion. More or fewer blades could be provided as appro-
priate for different propeller torque or diameter require-
ments, as would be understood by the skilled person.
The gyroscopic effect of the rotating mass of the rotor
blades must also be accounted for - in general, lighter
propeller discs are preferable, as this will decrease the
gyroscopic effect.
[0035] The cyclic pitch arrangement 71 comprises a
pair of blade pitch actuators in the form of electric motors
in the form of stepper motors 78, which are configured
to alter the pitch of a respective blade 72, 74 by pivoting
the respective blade about their respective longitudinal
axis. The blade pitch motors 78 are attached to the root
of the blades 72, 74 such that they rotate with the blades
72, 74 in use. As shown in figure 2, the blade 74 in the
upper position is rotated by the respective motor 78 to
be in fine pitch (i.e. having a relatively small angle of
attack relative to the relative airflow over the blade 74),
while the blade 72 in the lower position is rotated by the
respective motor 78 to be in course pitch (i.e. having a
relatively large angle of attack relative to the relative air-
flow over the blade 74). Consequently, blade 72 will gen-
erate more thrust than blade 74.
[0036] The cyclic pitch arrangement 71 further in-
cludes a cyclic pitch controller 80 which is in signal com-
munication with the blade pitch motors 78 to control the
respective motors, and therefore the blade 72, 74 pitch
in flight. The controller 80 is also in signal communication
with a blade rotational position sensor, which could com-
prise the drive motor 48, to thereby sense the rotational
position of the blades 72, 74 as they rotate in use. The
cyclic pitch controller 80 is in turn in signal communication
with a main flight controller such as a flight management
system (FMS) 82 shown in figure 1.
[0037] In use, the FMS 82 sends signals to the or each
controller 80 to cyclically control the blade pitch of the
blades 72, 74 of the respective propellers 46. In the ex-
ample shown in figure 2, the blades 72, 74 are controlled
such that whichever blade is in the lower position is in
course pitch, while whichever blade 72, 74 is in the upper
position is in fine pitch. The pitch of the blades 72, 74 are
continuously adjusted as the blades rotate, with the blade
pitch transitioning to intermediate pitches in other posi-
tions, with the respective blades 72, 74 completing a cy-
cle between fine and course pitch with each full revolu-
tion. Alternatively, the blades 72, 74 could be controlled
such that the upper blade is in course pitch, and the lower
blade is in fine pitch, again cycling from course to fine
pitch and back again once per revolution.

[0038] As shown in figure 2, the force generated by the
blades 72, 74 for given aircraft and atmospheric condi-
tions (airspeed, propeller rotational speed etc) varies in
accordance with blade pitch. As shown by arrows A1 and
A2 (the length of the arrow representing the force gener-
ated), the lower blade 72 will produce more force (thrust)
than the upper blade due to the courser pitch. The force
produced by the blade 72, 74 generally increases linearly
with blade angle up to the point at which the blade stalls.
Since the force generated by the blades 72, 74 is gen-
erated radially outwardly from the rotational axis X, and
since the blades 72, 74 are mechanically attached to the
wing 44, a rotational torque T is transmitted to the wing
44 as a result of the cyclical pitching of the blades 72,
74. In figure 2, this torque is generated in a clockwise
direction as viewed from the wing tip. As a result of this
torque T, the wing 44 will be caused to locally deflect by
pivoting movement in the form of twisting (i.e. warping)
about a span of the wing relative to other parts of the
aircraft 40 such as other parts of the wing 44 or the fu-
selage 42. This twisting effect has been found to be par-
ticularly pronounced in aircraft having a low torsional ri-
gidity, such as aircraft having wings with large aspect
ratios, and / or made from relatively flexible materials
such as carbon fibre having a fibre direction extending
generally along the span or the chord of the wing, such
that the wing is stiff in desired directions, and flexible
enough to allow twisting.
[0039] As a result of this local deflection, the angle of
incidence of the wing will be increased, and so the angle
attack α of the wing relative to the oncoming airflow will
be caused to increase, thereby resulting in an increase
in lift in that section of the wing. On the other hand, by
operating the cyclic pitch in the opposite manner (with
coarse pitch being provided for the upper blade, and fine
pitch being provided for the lower blade), the wing 44
could be caused to deflect in the opposite direction, there-
by reducing α of the region of the wing 44. This effect
can be utilised in one or more of several different ways,
as described below.
[0040] In a first method, the cyclic pitch arrangement
71 can be used to effect roll control. In this method, a
signal commanding a roll input (such as a left hand roll
in this example) is received from an aircraft flight control
input such as a yoke controlled by the pilot or the auto-
pilot, and sent to the FMS 82. The FMS 82 then provides
a signal to the cyclic controllers 80 controlling some or
all of the propellers 46 on the starboard wing to provide
cyclic pitch of the blades 72, 74 such that the blade in
the lower position is in coarse pitch, and the blade 72,
74 in the upper position is in fine pitch (i.e. the position
shown in figure 2), such that the starboard wing 44 is
twisted relative to the fuselage 42 such that the starboard
wing obtains a higher α than the port wing, thereby caus-
ing an increase in lift on that wing. Meanwhile, the FMS
82 provides a signal to the cyclic controllers 80 controlling
some or all of the propellers 46 on the port wing to provide
cyclic pitch of the blades 72, 74 such that the blade in
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the lower position is in fine pitch, and the blade 72, 74 in
the upper position is in coarse pitch, such that the port
wing 44 is twisted relative to the fuselage 42 such that
the port wing obtains a lower α than the port wing, thereby
causing a reduction in lift on that wing. Consequently,
the aircraft will be caused to roll to the left. Opposite cyclic
control can be used to effect a right hand roll.
[0041] This method may be used in conjunction or re-
place movements of the ailerons. Advantageously, the
ailerons could be supplemented by this method, which
would provide a backup to the aileron flight surfaces,
thereby increasing safety. Alternatively, the ailerons
could be replaced, thereby reducing weight. This method
of roll control is also thought to be more aerodynamically
efficient, due to the reduction in air turbulence caused by
this method. The control method is also usable up to any
speed, without causing roll reversal. Consequently, the
wing can be made less stiff (and lighter) still, since this
does not need to be accounted for in the design. The lack
of ailerons also reduces wing structure complexity, as
cut-outs do not need to be provided.
[0042] In a second method, the cyclic pitch arrange-
ment 71 can be used to effect increased lift in a manner
similar to the use of flaps or slats by increasing the inci-
dence of the wings 44 relative to the fuselage 42 in uni-
son. In this method, a signal commanding a lift increase
is received from an aircraft flight control input such as a
flap setting / wing incidence selector controlled by the
pilot or the autopilot, and sent to the FMS 82. The FMS
82 then provides a signal to the cyclic controllers 80 con-
trolling some or all of the propellers 46 on both wings 44
to provide cyclic pitch of the blades 72, 74 such that the
blade in the lower position is in coarse pitch, and the
propeller in the upper position is in fine pitch (i.e. the
position shown in figure 2), such that both wings 44 are
twisted relative to the fuselage 42 such that the wings 44
obtain a higher α, thereby causing an increase in lift on
the wings 44. Consequently, the wing incidence will be
increased, and the aircraft will be caused to produce more
lift, while the angle of the fuselage 42 relative to the
ground remains unchanged. Consequently, the amount
of lift produced can be adjusted without changing the
angle of the fuselage 42 with respect to the ground. This
can be particularly useful on landing and takeoff. Again,
the method can be used in conjunction with other high
lift devices such as flaps or slats, or could replace the
flaps or slats, resulting in a weight saving. This is thought
to be particularly advantageous on an aircraft having a
large number of propulsors located ahead of a leading
edge of the wing, since the angle of incidence of the pro-
pellers 46 will also be increased. Consequently, the in-
crease in angle of attack α of the wing 44 will be less
pronounced than the increased angle of incidence would
suggest, as a result of the airflow from the propellers 46
over the wing 44. Again, this method of operation could
be expected to result in aerodynamic and structural effi-
ciency improvements, as outlined above in relation to
ailerons. This method may be used in combination with

flaps to provide further improved low speed lift perform-
ance. By increasing the angle of incidence of the wing
relative to the fuselage, the deck angle (i.e. the angle of
the cockpit relative to the ground) is maintained at a rel-
atively low angle during takeoff and descent, thereby im-
proving forward view and passenger comfort during take-
offs and landing.
[0043] In a third method, the cyclic pitch arrangement
71 can be used to effect vibration damping to prevent
unwanted vibrations of the wing 44 such as flutter. One
or more vibration sensors 84 could be provided, which
are in signal communication with one or more cyclic con-
trollers 80. The vibration sensors 84 could comprise
strain gauges provided in the wing, which would provide
electrical signals proportional to local wing twist to the
cyclic controllers 80. These signals may be combined
with accelerometer data to produce a picture of the ve-
locity and acceleration of the structure local to each pro-
peller. In combination, these data could provide the pro-
portional and derivative elements of a PID (proportional-
integral-derivative) control system, with the integral ele-
ment being provided by integrated wing displacement.
The cyclic controller 80 could therefore comprise a PID
controller operating on these signals to control the pro-
peller cyclic to minimise the vibrations. When operated
to reduce flutter, signals indicating the direction and mag-
nitude of vibrational movement of the wing 44 are pro-
vided by the vibration sensor 84 to the cyclic controller
80. The cyclic controller 80 provides a signal to the ac-
tuators 78 to control the propeller blade 72, 74 pitches
to effect a torque on the wing as outlined above to coun-
teract the vibrational movement. Consequently, the vi-
brational movement is damped, thereby reducing vibra-
tion of the wing. Consequently, the wing can be designed
to have a lower torsional rigidity compared to other wing
designs. This lower torsional rigidity could be achieved
using a lower weight construction method, or by providing
a higher aspect ratio wing, thereby resulting in weight
and aerodynamic performance benefits.
[0044] In a fourth method, the cyclic pitch arrangement
71 can be used to reduce the effects of transient gusts
on the aircraft 40. One or more gust sensors such as lidar
(light detection and ranging) sensors 86 could be provid-
ed, which are configured to detect wind gusts ahead of
the aircraft 40 (see fig. 1). In one embodiment, a separate
lidar sensor 86 is provided which detects gust conditions
ahead of each propeller 46. The sensors 86 are in signal
communication with one or more cyclic controllers 80.
When operated to reduce the effects of transient gusts,
signals indicating the timing, direction and magnitude of
impending gusts are provided by the vibration sensor 84
to the cyclic controller 80. The cyclic controller 80 pro-
vides a signal to the actuators 78 to control the propeller
blade 72, 74 pitches to effect a torque on the wing as
outlined above to counteract the impending gust, by re-
ducing or increasing the local α of the wing to reduce or
increase the lift accordingly to cancel the increased or
reduced lift that would otherwise be caused by the gust.
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Consequently, the effect of gusts is reduced, thereby pro-
viding improved comfort to the passengers, and reduced
aircraft fatigue. Consequently, the wing can be designed
to have a lower torsional rigidity compared to other wing
designs. This lower torsional rigidity could be achieved
using a lower weight construction method, or by providing
a higher aspect ratio wing, thereby resulting in weight
and aerodynamic performance benefits.
[0045] Figure 3 shows an alternative cyclic pitch ar-
rangement 171 in accordance with the present disclosure
in the form of a swashplate arrangement, which could be
used on the aircraft 40 in place of the arrangement 71.
The arrangement includes a drive axle 188, which is driv-
en by the electric drive motor 48. The arrangement 171
further includes a push rod 172 for each blade 72, 74.
Each push rod 172 is connected to a respective blade
72, 74 via a bell crank 177, which translates longitudinal
movement of the push rod 172 to longitudinal pivoting of
the respective blade 72, 74, and therefore adjusts the
pitch of the respective blade 72, 74. The other end of
each push rod 172 is connected to a swash plate 173
which is coupled to the drive axle 188 to rotate with the
propeller blades 72, 74. The swash plate 173 is supported
by a spherical bearing 175, such that it can pivot azimuth-
ally as the swash plate 173 rotates. The swash plate 173
is also supported on roller bearings, which are in turn
supported by a non-rotating cyclic pitch change actuator
174. The cyclic pitch change actuator 174 is supported
by the spherical bearing 175, and azimuthally pivotable
to a desired angle by push rods 176, which are in turn
controlled by the cyclic pitch controller 80 via linear mo-
tors or similar actuators (not shown). Consequently, by
pushing or pulling the push rods 176, cyclic pitch change
can be effected in a similar manner to that of the arrange-
ment 71. The arrangement 171 can be used in accord-
ance with any of the described methods.
[0046] The following provides a specific example of the
amount of angle of incidence deflection that must be pro-
vided by the system for a particular aircraft. Aircraft roll
control is brought about by asymmetry of lift between the
left and right sides of the aircraft. This force imbalance
produces a couple about the centre of mass of the air-
craft, which in turn generates a rotational acceleration. It
follows that, for small control corrections, the required
change in angle of attack may be thought of in terms of
a rotational acceleration requirement imposed by pilot
perception of handling qualities. It would be possible to
examine the correlation between the angular accelera-
tion rates achieved by various aircraft roll control systems
and the handling qualities ratings given by test pilots.
[0047] Longer duration control inputs allow rotational
velocity to increase. This changes the relative angle of
attack between the left and right wings, tending to damp
the acceleration. Eventually, a fixed roll rate is attained.
Note that, for stiff structures, neglecting Mach number
effects, and assuming irreversible powered controls, the
roll rate is simply the product of the helix angle which the
control deflection is capable of generating at the wing tip,

and the True Air Speed (TAS) divided by the span.
[0048] In the case of wing warping, the helix angle is
a dynamic pressure and moment weighted mean of the
twist imposed by wing warping. It follows that, for a fixed
roll rate requirement, the amount of twist which must be
generated by the wing warping system varies inversely
with TAS.
[0049] For example, consider an aircraft with a 50 m
wingspan. The wing tips rotate through a circumference
of 50π metres per rotation. If the roll rate required is e.g.
30 °/s, it follows that the vertical component of tip speed
is 50π/6 m/s, which is about 26 m/s.
[0050] The helix angle at the wing tip is therefore
tan(26/TAS).
[0051] Figure 4 shows a second aircraft 140 not in ac-
cordance with the present disclosure. The aircraft 140 is
a VTOL (Vertical Takeoff and Landing) or STOVL (short
takeoff, vertical landing) aircraft. The aircraft comprises
a fuselage 142, a pair of wings 144 extending therefrom
and an empennage comprising vertical and horizontal
control surfaces 160, 166 located at an aft end of the
fuselage 142. The aircraft 140 differs from the aircraft 40
in many respects, but utilises similar control methods.
Propulsors in the form of propellers 146 are provided on
each wing 144. Again, the propellers 146 are driven by
electrical motors (not shown) which are provided with
power from gas turbine engines 154. The propellers 146
are located ahead of a leading edge 145 of the wing 144
and comprise a plurality of blades, whose pitch is con-
trolled cyclically by a cyclical pitch changing mechanism,
such as that shown in either of figures 2 or 3.
[0052] The wings 144 have a significantly lower aspect
ratio compared to that of aircraft 40, being approximately
10 or perhaps less. Consequently, the wings 144 are
considerably stiffer than that of aircraft 40. The wings 144
are attached to the fuselage 142 by freely pivoting bear-
ings 190, which allow the wings 144 to pivot about an
axis extending generally horizontally, normally to the fu-
selage longitudinal axis, i.e. in a spanwise direction. Op-
tionally, an actuable braking mechanism 192 may be pro-
vided to lock the wings 144 in position. A shaft 194 may
link the bearings 192 of the port and starboard wings
together, such that the wings move between first and
second configurations in tandem. Figures 4a and 5a
show the aircraft 140 in a first configuration with the wings
44 pivoted to a forward position, in which the leading
edge 145 of the wing 144 extends horizontally, toward
the nose of the aircraft 140. In this position, the aircraft
140 is configured for normal level flight. As shown in fig-
ures 4b and 5b, the aircraft 140 is in a second configu-
ration, with the wings 44 pivoted to an upward position,
in which the leading edge 145 of the wing 144 extends
upwardly. In this position, the aircraft 140 is configured
for vertical takeoff and landing.
[0053] Such an arrangement in which the whole wing
(including wing mounted propulsors) is pivoted between
horizontal and vertical positions for vertical takeoff and
horizontal flight respectively is known in the art as a
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"tiltwing" configuration. Traditional tiltwing configurations
have high efficiency in both vertical takeoff / landing and
horizontal flight modes compared to "tiltrotor" resigns, in
which only the propellers are tilted between vertical and
horizontal positions. However, previous tiltwing designs
have generally been unsuccessful, in part due to the com-
plexity of the mechanisms for tilting the wing, as well as
the complexity of mechanisms for ensuring safe flight
subsequent to the failure of one engine.
[0054] In accordance with the present disclosure, the
aircraft 140 is transitioned between the first and second
configurations by use of cyclic pitch of the blades of the
propellers 146. As previously described in relation to air-
craft 40, cyclic pitch control produces a torque on the
wing 144. Due to the high stiffness of the wing 144 and
the feely rotating bearing 190 attaching the wings 144 to
the fuselage 142, cyclic pitching of the propellers 146
can be utilised to cause the wing 144 to pivot between
the first and second configurations.
[0055] For example, referring to fig. 2, with the wing in
the first configuration as shown in figures 4a and 5a, and
the locking mechanism 192 disengaged, the cyclic pitch
mechanism is used to place the pitch of the lower blade
72 in coarse pitch (and so produce a large amount of
thrust below the wing 144), and place the pitch of the
upper blade 74 in fine pitch (and so produce a relatively
small amount of thrust above the wing). Consequently,
a torque is generated on the wing 144. This causes the
wing 144 to pivot clockwise as shown in figure 2, thereby
tilting the wing 144 and propeller 146 to the vertical po-
sition, thereby permitting vertical takeoff and landing.
When in the second configuration, the propeller cyclic
pitch control can also be utilised to provide control of the
aircraft 140 in hover, similar to that provided in a helicop-
ter, as would be understood by the skilled person. Once
in the second configuration, the braking mechanism 192
may be used to lock the wing 144 in position to prevent
pivoting of the wing 144 in response to propeller cyclic
pitch variation. Similarly, the aircraft 140 can be returned
to the first configuration by unlocking the braking mech-
anism 192, and applying cyclic pitch in the opposite di-
rection to move the wings 144 back to the first configu-
ration.
[0056] Advantageously, this arrangement provides rel-
atively lightweight, reliable movement of the wings 144
between the first and second configurations. Since two
propellers 146 are provided, redundancy is automatically
provided in the aircraft 144, provided the wings 144 are
mechanically linked. Alternatively, the wings 144 could
be independently pivotable by connection to the fuselage
142 via independent bearings 190, thereby permitting roll
control in a similar manner to that described in relation
to aircraft 40. Since the propellers 146 are electrically
powered, provision can be made for cross linking the
propellers 146 using flexible electrical connections,
which allows the propellers to be powered even on failure
of a gas turbine generator, without the requirement for
complex and heavy cross shafts.

[0057] The wing 144 may further comprise flaps. As
would be understood by the skilled person, deployment
of the flaps will create additional lift at a given angle of
incidence, but will also move the centre of lift rearwardly
on the wing, thereby creating a torque in an anti-clock-
wise direction as shown in figure 2. This will normally
have the result of twisting or pivoting the wing downward-
ly (in a flexible wing or pivotable), thereby decreasing the
angle of incidence and therefore decreasing lift some-
what, or causing the nose to point downwardly. However,
in the present disclosure, propeller cyclic pitch can be
utilised to counteract this torque, by placing the lower
blade in coarse pitch, and the upper blade in fine pitch
to create a clock-wise torque to counteract the torque
created by the flaps 152 when deployed.
[0058] While the invention has been described in con-
junction with the exemplary embodiments described
above, many equivalent modifications and variations will
be apparent to those skilled in the art when given this
disclosure. Accordingly, the exemplary embodiments of
the invention set forth above are considered to be illus-
trative and not limiting, the scope of protection being de-
fined by the wording of the appended claims only.
[0059] For example, while the propellers are described
in the specific embodiment as being electrically driven,
with power supplied from gas turbine engines, the pro-
pellers could instead be provided with power from a dif-
ferent power source, such as a piston engine, batteries,
or a fuel cell. Alternatively, the propellers could be directly
driven by piston engines or gas turbine engines. The
blade pitch actuators could be driven pneumatically or
hydraulically, rather than by an electrical motor.
[0060] The brake could also be used to achieve roll /
yaw / pitch control. By braking the movement both wings
together, the inertia in the wing could provide pitching
movement. Similarly, by braking each wing differentially,
yaw / roll control could be provided.
[0061] In some cases, only parts or sections of the aer-
ofoil may be pivotable using propeller cyclic control. For
example, an outer section of the wing could have a lower
stiffness, such that roll control can be achieved more ef-
fectively. Alternatively or in addition, where the cyclic
pitch control actuable portion of the wing is pivotable
about a bearing, a plurality of bearings could be provided,
or the bearing could be provided part way along the wing,
with the propeller located outboard of the bearing, again
so that effective roll control can be achieved.
[0062] Cyclic pitch controllable propellers could addi-
tionally or alternatively be provided on other aerofoils of
the aircraft, such as the vertical tail surface 60 (i.e. rudder)
or horizontal tail surface 66. In such cases, twisting of
the respective aerofoils to which the cyclically controlled
propellers are mounted would caw yaw and pitching
movements respectively. Similarly, cyclic pitch propellers
could be mounted to a forward canard in a canard con-
figuration aircraft, in which, again, twisting of the canards
would cause pitching moments to the aircraft.
[0063] In order to provide redundancy, it may be nec-
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essary to show that, on failure of the propeller cyclic con-
trolled flutter alleviation system, the aircraft will not ex-
perience flutter for extended periods of time. Conse-
quently therefore, the aircraft may comprise an optional
health monitoring system to determine whether one or
more cyclic actuators is operable. An aircraft control sys-
tem (such as the FMS) may be provided, which is con-
figured to decelerate the aircraft to a speed below a crit-
ical flutter speed (i.e. a speed above which unacceptable
levels of flutter are experienced) where one or more cyclic
actuators is found to be inoperable.
[0064] Additionally, the aircraft control system may,
upon detecting failure of an actuator, determine that a
change in the control strategy applied to the other actu-
ators (such as, for example, an increase in gain) may
permit the flight to safely continue at the normal cruising
speed.
[0065] The aircraft configuration could be different to
that shown, comprising for instance a blended wing body
aircraft, in which the wing and fuselage are blended into
one another rather than being distinct, or a flying wing
aircraft, in which the fuselage is entirely omitted.
[0066] Aspects of any of the embodiments of the in-
vention could be combined with aspects of other embod-
iments, where appropriate.

Claims

1. A method of controlling an aircraft (40), the aircraft
(40) comprising:
at least one propeller (46) mounted to a port wing
(44) and at least one propeller (46) mounted to a
starboard wing (44), each propeller (46) being cou-
pled to a propeller cyclic actuator (78) configured to
cyclically alter the pitch of the propeller (46) as the
propeller rotates, the aircraft (40) being configured
such that provision of cyclic pitch to the propeller (46)
pivots at least a portion of the respective wing (44)
about a span of the wing (44) relative to the remain-
der of the aircraft (40) and an aircraft flight path vector
(64), to thereby adjust the local angle of incidence
of at least part of the wing (44), characterised in
that the method comprises:
altering the propeller cyclic pitch on the propeller (46)
mounted to one of the port and starboard wing (44)
to a different extent to that of the propeller (46)
mounted to the other of the port and starboard wing
(44) to thereby effect a differential twisting about a
span of the wing (44) to thereby adjust the angle of
incidence of the respective wing (44) to thereby ef-
fect a roll moment to the aircraft (40).

2. A method according to claim 1, wherein wing (44) is
rigidly mounted to the aircraft (40), and the aircraft
(40) is configured such that provision of cyclic pitch
twists the wing (44) about the span of the wing (44).

3. A method according to any of the preceding claims,
wherein the respective propeller cyclic actuator com-
prises one of a motor (78) configured to pivot a re-
spective propeller blade (72, 74) of a respective pro-
peller (46) about a longitudinal axis (X) of the respec-
tive blade (72, 74), and a swash plate arrangement
(171).

4. A method according to any of the preceding claims,
wherein the wings (44) have a high aspect ratio, such
as an aspect ratio greater than 10, and may comprise
an aspect ratio between 15 and 30.

5. A method according to any of the preceding claims,
wherein the aircraft (40) comprises one or more gen-
erator arrangements configured to provide electrical
power to one or more propellers, and wherein the
generator arrangement may comprise one or more
internal combustion engine (54) located outboard of
the centre of thrust (70) of the propellers (46) on the
respective wing (44).

6. A method according to any of the preceding claims,
wherein the aircraft (40) comprises a health moni-
toring system to determine whether one or more cy-
clic actuators (78) is operable, and an aircraft control
system configured to decelerate the aircraft (40) to
a speed below a critical flutter speed where one or
more cyclic actuators (78) is found to be inoperable.

7. A method according to any of the preceding claims,
wherein each wing (44) comprises a plurality of pro-
pellers (46), and the method comprises providing
propeller cyclic pitch on at least one of the propellers
(46) mounted to the wing (44) to a different extent to
that of one of the other propellers (46) mounted to
that wing (44) to thereby effect a local twisting of a
portion of the wing (44) to effect a local reduction or
increase of angle of attack of that wing (44).

8. A method according to any of the preceding claims ,
comprising providing cyclic pitch of all of the propel-
lers (46) in unison to twist the port and starboard
wings (44) relative to the flight path vector (64) to
effect an increase in angle of incidence of both wings
(44).

9. A method according to any of the preceding claims,
wherein the method comprises detecting or predict-
ing a vibration of the wing (44), and using cyclic pro-
peller pitch to effect local twisting of a portion of the
wing (44) to dampen the detected vibration.

10. A method according to any of the preceding claims,
wherein the method comprises detecting or predict-
ing a gust, and using cyclic propeller pitch to effect
twisting of at least a portion of the wing (44) to reduce
or increase or reduce the angle of incidence of the
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respective portion of the wing (44) to accommodate
the change in lift produced by the gust.

11. A method according to any of the preceding claims,
wherein the aircraft (40) further comprises at least
one of a propeller mounted to a vertical tail surface
(60) and a propeller mounted to a horizontal tail sur-
face (66), and the method comprises altering the pro-
peller cyclic pitch to effect one of a yawing moment
and a pitching moment to the aircraft (40) by twisting
of the respective aerofoils (60, 66) to which the cy-
clically controlled propellers are mounted.

Patentansprüche

1. Verfahren zum Steuern eines Luftfahrzeugs (40),
wobei das Luftfahrzeug (40) Folgendes umfasst:
mindestens einen Propeller (46), der an einer Back-
bordtragfläche (44) befestigt ist, und mindestens ei-
nen Propeller (46), der an einer Steuerbordtragflä-
che (44) montiert ist, wobei jeder Propeller (46) mit
einem zyklischen Aktor des Propellers (78) verbun-
den ist, der konfiguriert ist, um die Steigung des Pro-
pellers (46) zyklisch zu ändern, wenn sich der Pro-
peller dreht, wobei das Luftfahrzeug (40) so konfi-
guriert ist, dass die Bereitstellung zyklischer Stei-
gung des Propellers (46) zumindest einen Teil der
entsprechenden Tragfläche (44) um eine Spannwei-
te der Tragfläche (44) relativ zum Rest des Luftfahr-
zeugs (40) und einen Flugstreckenvektor (64) des
Luftfahrzeugs schwenkt, um dadurch den lokalen
Anstellwinkel zumindest eines Teils der Tragfläche
(44) einzustellen, dadurch gekennzeichnet, dass
das Verfahren Folgendes umfasst:
Verändern der zyklischen Steigung am Propeller
(46), der an einer aus der Backbordtragfläche und
der Steuerbordtragfläche (44) montiert ist, in einem
Umfang, der sich von demjenigen des Propellers
(46), der an der anderen aus der Backbordtragfläche
und der Steuerbordtragfläche (44) montiert ist, un-
terscheidet, um dadurch ein unterschiedliches Ver-
drehen um eine Spannweite der Tragfläche (44) zu
bewirken, um so den Anstellwinkel der jeweiligen
Tragfläche (44) einzustellen, um so ein Wankmo-
ment des Luftfahrzeugs (40) zu bewirken.

2. Verfahren nach Anspruch 1, wobei die Tragfläche
(44) starr am Luftfahrzeug (40) montiert ist und das
Luftfahrzeug (40) so konfiguriert ist, dass die Bereit-
stellung von zyklischer Steigung die Tragfläche (44)
um die Spannweite der Tragfläche (44) verdreht.

3. Verfahren nach einem der vorstehenden Ansprüche,
wobei der jeweilige zyklische Aktor des Propellers
eines aus einem Motor (78), der konfiguriert ist, um
ein entsprechendes Propellerblatt (72, 74) eines ent-
sprechenden Propellers (46) um eine Längsachse

(X) des entsprechenden Blatts (72, 74) zu schwen-
ken, und einer Taumelscheibenanordnung (171)
umfasst.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Tragflächen (44) eine hohe Streckung auf-
weisen, wie eine Streckung von über 10, und eine
Streckung zwischen 15 und 30 umfassen können.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Luftfahrzeug (40) ein oder mehrere Ge-
neratoranordnungen umfasst, die konfiguriert sind,
um dem einen oder den mehreren Propellern elek-
trische Energie bereitzustellen, und wobei die Ge-
neratoranordnung eine oder mehrere Verbren-
nungsmotoren (54) umfassen kann, die außerhalb
des Vortriebsmittelpunkts (70) der Propeller (46) an
der jeweiligen Tragfläche (44) angeordnet sind.

6. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Luftfahrzeug (40) ein Zustandsüberwa-
chungssystem, um zu ermitteln, ob ein oder mehrere
zyklische Aktoren (78) betriebsbereit sind, und ein
Luftfahrzeugkontrollsystem umfasst, das konfigu-
riert ist, um das Luftfahrzeug (40) auf eine Geschwin-
digkeit unter einer kritischen Flattergeschwindigkeit
abzubremsen, wenn festgestellt wird, dass ein oder
mehrere zyklische Aktoren (78) nicht betriebsbereit
sind.

7. Verfahren nach einem der vorstehenden Ansprüche,
wobei jede Tragfläche (44) eine Vielzahl von Propel-
lern (46) umfasst und das Verfahren weiter das Be-
reitstellen einer zyklischen Propellersteigung an
mindestens einem der Propeller (46), die an der
Tragfläche (44) befestigt sind, in einem Umfang, der
sich von demjenigen eines der anderen Propeller
(46), die an dieser Tragfläche (44) befestigt sind, un-
terscheidet, umfasst, um dadurch ein lokales Ver-
drehen eines Teils der Tragfläche (44) zu bewirken,
um eine lokale Verringerung oder Zunahme des An-
stellwinkels dieser Tragfläche (44) zu bewirken.

8. Verfahren nach einem der vorstehenden Ansprüche,
umfassend das Bereitstellen einer zyklischen Stei-
gung aller Propeller (46) übereinstimmend, um die
Backbord- und die Steuerbordtragfläche (44) in Be-
zug auf den Flugstreckenvektor (64) zu verdrehen,
um eine Zunahme des Anstellwinkels beider Trag-
flächen (44) zu erreichen.

9. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Verfahren das Erkennen oder Vorhersa-
gen einer Vibration der Tragfläche (44) und das Ein-
setzen einer zyklischen Propellersteigung, um ein
lokales Verdrehen eines Teils der Tragfläche (44)
zum Dämpfen der erkannten Vibration zu bewirken,
umfasst.
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10. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Verfahren das Erkennen oder Vorhersa-
gen einer Bö und das Einsetzen einer zyklischen
Propellersteigung, um ein Verdrehen zumindest ei-
nes Teils der Tragfläche (44) zu bewirken, um den
Anstellwinkel des entsprechenden Teils der Tragflä-
che (44) zu verringern oder zu erhöhen oder zu ver-
ringern, um die Veränderung des Auftriebs, die durch
die Bö verursacht wird, auszugleichen, umfasst.

11. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Luftfahrzeug (40) weiter mindestens ei-
nen aus einem Propeller, der an einem Seitenleit-
werk (60) befestigt ist, und einem Propeller, der an
einem Höhenleitwerk (66) befestigt ist, umfasst und
wobei das Verfahren weiter das Verändern der zy-
klischen Propellersteigung umfasst, um eines aus
einem Giermoment und einem Nickmoment des
Luftfahrzeugs (40) zu bewirken, indem die entspre-
chenden Profile (60, 66), an denen die zyklisch ge-
steuerten Propeller befestigt sind, verdreht werden.

Revendications

1. Procédé de commande d’un aéronef (40), l’aéronef
(40) comprenant :
au moins une hélice (46) montée sur l’aile bâbord
(44) et au moins une hélice (46) montée sur l’aile
tribord (44), chaque hélice (46) étant couplée à un
actionneur cyclique d’hélice (78) conçu pour modifier
de manière cyclique le pas de l’hélice (46) tandis que
l’hélice tourne, l’aéronef (40) étant conçu de sorte
que l’obtention du pas cyclique d’hélice (46) fasse
pivoter au moins une partie de l’aile (44) respective
autour de l’envergure de l’aile (44) par rapport au
reste de l’aéronef (40) et un vecteur de trajet de vol
de l’aéronef (64), pour ainsi régler l’angle local d’in-
cidence d’au moins une partie de l’aile (44), carac-
térisé en ce que le procédé comprend :
la modification du pas cyclique de l’hélice sur l’hélice
(46) montée sur l’une des ailes (44) bâbord et tribord
à un degré différent de celui de l’hélice (46) montée
sur l’autre des ailes (44) bâbord et tribord pour ainsi
réaliser une différence de vrillage autour d’une en-
vergure de l’aile (44) afin de régler ainsi l’angle d’in-
cidence de l’aile (44) respective pour qu’ainsi s’exer-
ce un moment de roulis sur l’aéronef (40).

2. Procédé selon la revendication 1, ladite aile (44)
étant montée rigidement sur l’aéronef (40) et ledit
aéronef (40) étant conçu de sorte que l’obtention
d’un pas cyclique vrille l’aile (44) autour de l’enver-
gure de l’aile (44).

3. Procédé selon l’une quelconque des revendications
précédentes, ledit actionneur cyclique d’hélice res-
pectif comprenant l’un d’un moteur (78) conçu pour

faire pivoter une pale d’hélice (72, 74) respective
d’une hélice (46) respective autour d’un axe longitu-
dinal (X) de la pale (72, 74) respective et un agen-
cement de plateau oscillant (171).

4. Procédé selon l’une quelconque des revendications
précédentes, lesdites ailes (44) possédant un allon-
gement élevé tel qu’un allongement supérieur à 10
et pouvant comprendre un allongement entre 15 et
30.

5. Procédé selon l’une quelconque des revendications
précédentes, ledit aéronef (40) comprenant un ou
plusieurs agencements de générateur conçu pour
fournir une énergie électrique à une ou plusieurs hé-
lices et ledit agencement de générateur pouvant
comprendre un ou plusieurs moteurs à combustion
interne (54) situé hors du centre de poussée (70)
des hélices (46) sur l’aile (44) respective.

6. Procédé selon l’une quelconque des revendications
précédentes, ledit aéronef (40) comprenant un sys-
tème de surveillance de santé pour déterminer si un
ou plusieurs actionneurs cycliques (78) fonctionnent
et un système de commande d’aéronef conçu pour
ralentir l’aéronef (40) à une vitesse inférieure à la
vitesse critique du flottement où un ou plusieurs ac-
tionneurs cycliques (78) sont avérés inutilisables.

7. Procédé selon l’une quelconque des revendications
précédentes, chaque aile (44) comprenant une plu-
ralité d’hélices (46) et ledit procédé comprenant l’ob-
tention d’un pas cyclique d’hélice sur au moins l’une
des hélices (46) montée sur l’aile (44) à un degré
différent de celui de l’une des autres hélices (46)
montée sur cette aile (44) pour ainsi vriller locale-
ment une partie de l’aile (44) afin de réduire ou d’aug-
menter localement l’angle d’incidence de cette aile
(44).

8. Procédé selon l’une quelconque des revendications
précédentes, comprenant l’obtention d’un pas cycli-
que de toutes les hélices (46) à l’unisson pour vriller
les ailes bâbord et tribord (44) par rapport au vecteur
de trajet de vol (64) afin d’augmenter l’angle d’inci-
dence des deux ailes (44).

9. Procédé selon l’une quelconque des revendications
précédentes, ledit procédé comprenant la détection
ou la prédiction d’une vibration de l’aile (44) et l’uti-
lisation du pas d’hélice cyclique pour vriller locale-
ment une partie de l’aile (44) afin d’amortir les vibra-
tions détectées.

10. Procédé selon l’une quelconque des revendications
précédentes, ledit procédé comprenant la détection
ou la prédiction d’une rafale et l’utilisation d’un pas
d’hélice cyclique pour vriller au moins une partie de
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l’aile (44) afin de réduire ou d’augmenter l’angle d’in-
cidence de la partie respective de l’aile (44) pour
s’adapter au changement de portance produit par la
rafale.

11. Procédé selon l’une quelconque des revendications
précédentes, ledit aéronef (40) comprenant en outre
au moins l’une d’une hélice montée sur une surface
d’empennage vertical (60) et d’une hélice montée
sur une surface d’empennage horizontal (66) et ledit
procédé comprenant la modification du pas cyclique
d’hélice pour que s’exerce l’un d’un moment d’em-
bardée et d’un moment de tangage sur l’aéronef (40)
par vrillage des profils aérodynamiques (60, 66) res-
pectifs sur lesquels les hélices commandées cycli-
quement sont montées.

21 22 



EP 3 000 722 B1

13



EP 3 000 722 B1

14



EP 3 000 722 B1

15



EP 3 000 722 B1

16



EP 3 000 722 B1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2011315806 A [0008] • US 2008001028 A [0009]

Non-patent literature cited in the description

• ROTHHAAR et al. NASA Langley Distributed Pro-
pulsion VTOL TiltWing Aircraft Testing, Modeling,
Simulation, Control, and Flight Test Development.
14th AIAA Aviation Technology, Integration and Op-
erations Conference [0007]


	bibliography
	description
	claims
	drawings
	cited references

